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(57) A grain boundary less crystalline body of a per- 
ovskite structure having a chemical composition of the 
general formula: 



in which x is 0.168 to 0.1 78 which may be prepared by 
sintering a powder blend of the oxides of the respective 
elements and subjecting (he sintered body to the proe* 



ess of crystal growth by the floating zone melting meth- 
od, exhibits a phase transition of the crystalline structure 
under application of a magnetic field at a temperature 
of 60 to 350 K. The phase transition is reversible with a 
phenomenon of hysteresis to provide a possibility ot Ob- 
taining a memory switching-typo magnetoresistance el- 
ement. 
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Description 

Tha present invention relates to a new manganese- 
based oxide material, of which phase changes in the 
crystalline structure can be controlled by means of a s 
magnetic field at temperatures of 60 to 350 K, and whicrt 
can implement resistance switching characteristics un- 
der a magnetic field by utilizing the phenomenon of hys- 
teresis in the structural phase transition, and also relates 
to a manufacturing process thereof. 70 

Recently, interest has been rekindled in the dynam- 
ics of spin-charge coupling, closely related to Molt tran- 
sition in a 3d electron transition metal oxide having a 
strong electron correlation, as an extension of the stud- 
ies of the properties under normal state of copper oxide rs 
superconductors. Among these materials, which are 
provided boxh with metallic properties and with strongly 
correlated 3d electrons, manganese oxide of the per- 
ovskite structure doped with holes, such as 
La^xCaaMnOfl and La 10( Sr x MnO e are known to be fer- 
romagnetic conductors, In these materials, ferromag- 
netism is mediated by the so-called double exchange 
Interaction between Mn 3 * and Mn^ ions. With one of 
the manganese oxides belonging to this series, La^ra 
Pb 0 _ 01 MnO 3 , a large negative magnetorestetanee has & 
been observed around the magnetic phase transition 
temperature. More recently, it has been reported that 
thin films of La 1 ^ t Ca x MnO a and La^BaxMnOa present 
negative magnetoreslstartce in a similar way (Appl. 
Phys, Lot. 63:1 g90; Science 264:413 and Phys. Rev. 30 
Lot. 71:2331). 

The present invention has been made for the pur- 
pose of providing manganese oxide-based materials, of 
which phase changes in the crystalline structure can be 
controlled by magnetic fields at room temperature, and 95 
which can exhibit resistance ewftching characteristics 
under a magnetic field by use of hysteresis of structural 
phase transition. 

The inventors of the present invention, who had 
been carrying out studies on manganese-based oxide <o 
materials of perovskite structure, discovered that grain 
boundary loss manganese oxide crystals of the per- 
ovskite structure with a ferromagnetic transition temper- 
ature (Tc) adjusted to be close to the structural phase 
transition temperature (Ts) caused a phase change un- 
der a magnetic field between rhombohsdrai and or- 
thorhombic systems so as to exhibit a resistance switch- 
ing memory effect, and that manganese oxide of per- 
ovskite structure with holes doped by replacing the lan- 
thanum site with Strontium could provide a single crystal 50 
with a ferromagnetic transition temperature close to the 
structural phase transition temperature, by adjusting 
precisely the atomic ratio of strontium to manganese. 
The present invention Is based on these findings. 

Specifically, the preseni invention provides a grain ss 
boundaryiess manganese oxlde-oased crystalline body 
of a perovskite structure having a composition ex- 
pressed by the general formula: 



La vX Sr x MnO g (1) 
where x has a value between 0.168 and 0.178, and a 
method for the preparation thereof by mixing oxides of 
La. Sr and Mn or compounds of these elements which 
can be converted into respective oxides by heating in 
an atomic ratio corresponding to the composition in con- 
formity with the above given general formula (1) , sin- 
tering the mixture in air and inducing crystal growth 
through ihe floating zone melting method. 
In the drawings: 

Figure 1 is a graph showing the temperature de- 
pendence of the resistivity of the crystals with "x" tn the 
general formula (1) between 0.15 and 0.3. 

Figure 2 is a graph showing the relationship be- 
tween temperature and resistivity for a crystal according 
to ihe present invention for x^O, 1 75 under different mag* 
netic fields. 

Figure 3 is a graph showing the relationship be- 
tween magnetic field and resistivity for the same crystal 
as in Figure 2 at different temperatures. 

Figure 4 is a graph showing phase changes in the 
crystalline structure for another crystal according to the 
present invention under varied magnetic fields. 

Figure 5 is a graph showing the relationship be- 
tween temperature and resistivity for tho same crystal 
as shown In Figure 4 under different magnetic fields. 

Figures 6a and 6b are each a graph showing the 
magnetostriction and resistivity, respectively, of a crystal 
according to tho invention for x=0.170 as a function of 
magnetic field. 

In the present invention, It is essential to adjust the 
value of V in the genera) formula (1) to fall between 
0.168 and 0.178, otherwise it is impossible to obtain a 
single crystal of desired properties. In contrast to an or- 
dinary sintered body of the perovskite structure, which 
is an aggregate of a great number of microcrystals sub- 
divided by numerous grain boundaries, tho crystal ac- 
cording lo tha present invention is characterized by a 
single-crystalline structure without grain boundaries. 
Owing to the specific composition and crystal growing 
process, it is possible to control the phase changes in 
the crystalline structure by means of a magnetic field at 
temperatures between 60 and 350 K, and to hold the 
resistivity switching characteristics by means of a mag- 
netic field up to 100 kOa, by utilizing the phenomenon 
of hysteresis in the structural phase transition. 

The grain boundaryiess manganese-based oxide 
crystal can be prepared by using, for example, a powder 
mixture composed of La^O^, SrO and Mn 3 0 4 . As the 
starting materials, these oxides may be replaced with 
those compounds of the respective elements capable 
of being converted into the oxides by heating, such as 
carbonates Lag {C0 3 ) 3 , SrC0 3 and MnC0 3 , or hydro- 
gencarbonates La (HCO a ) 3 , Sr (HCO a ) 2 and Mn 
(HC0 3 ) 2 These materials are weighed and mixed in 
such proportions that the La;Mn atomic ratio is 0.932 to 
0.822 and the Sr:Mn atomic ratio is 0.1 6B to 0.178 with 
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the proviso that the total of the atomic ratios (U/Mn)+ 
(Sr/Mn) is equal to 1 . It is advantageous lo mix these 
starting mats rials in a wet process with admixture of a 
volatile organic solvent, such as an alcohol or ketone. 
The powder mixture is sintered in air at a temperature & 
in the range from 1O00 to HOO^C. and the sintered lump 
is disintegrated Into fine particles, The powder thus ob- 
tained is formed into a block, lor example, having a cy- 
lindrical form by compression molding and further sin- 
tered at a temperature in the range from 1200 to 1300 
°C. A crystal is grown by the conventional floating zone 
melting process. An appropriate travelling velocity of the 
molten zone is about 5 to 15 mm/hour. It necessary, a 
binder can be used in the shaping process Of the pow- 
der. 

For the crystalline body prepared in this way, the 
value of the subscript "x" in the general formula (1 > can 
be determined by X-ray diffractometry. neutron diffrac- 
tion analysis, electron-beam mbroprobe analysis and 
chemical analysis. In particular, it has been found that 
the value of "x° determined by electron-beam mlcro- 
probe analysis has accuracy with an error of only±0.0l . 
Good coincidence could be obtained between the ferro- 
magnetic transition temperature Tc in the inventive crys- 
talline body as af unction of 'x' and the values heretofore 
reported for ceramic specimens. 

The grain boundaryless crystal according to the 
present invention, in which V in the genera! formula (1 ) 
has a value between 0. 1 68 and 0. 1 78, exhibits magnetic 
transition including non-metal/metal transition due to 
magnetic-field induction, increases the wandering prop- 
erty of conduction electrons through magnetization un- 
der the application of a magnetic field, inducts switching 
or primary phase transition in the crystalline lattice struc- 
ture correlated thereto, and causes a reversible struc- 
tural change between the itiombohedraJ andorthorhom- 
bic systems. Consequently, the resistivity changes are 
accompanied by a phenomenon of hysteresis as a func- 
tion of the degree of the temperature-induced or mag- 
netic field-induced magnetization. Accordingly, these 
changes can be utilized as a structural memory or a re- 
sistance-switching memory associated therewith. 

In the following, the invention is described in further 
detail by way of examples. 

Example 1 . 

Powders of lanthanum oxide La^> 3 , strontium car- 
bonate SrC0 3 and manganese oxide Mn 3 0 4 as the 
starting materials wore taken and mixed together In a 
weight proportion corresponding to the respective stoi- 
chiometric amount to give the value of V of 0.1 5, 0.1 75, 
0.2 or 0.3 in the general lormula (1). The powder mixture 
was thorough ly blended with addition of acetone in a ball 
mill for one hour. The powder mixture was calcined in 
air at 1200 *C for 24 hours and the sintered lump was 
disintegrated into a fine powder. 

The powde r prepared in this way was compresslon- 
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molded in a hydraulic pross under a pressure of 2 
tons/cm 2 to form a cylindrical rod having a diameter of 
about 5 mm and a length of about 80 mm, which was 
subjected to sintering in air at 1 200 °C for 1 2 hours. 

By using a floating zone melting furnace equipped 
with two halogen sunlamps and semielltptic focusing 
minors, a crystal was grown at a growing velocity of 8 
to 10 mm/hour with rotation of the seed crystal and the 
rod for crystal growing at a relative revolution of 30 rpm 
In reverse directions, The atmospheric gas was air when 
the value of 'X* was 0.15, 0.175 or 0.2 and an oxygen- 
argon mixture when the value of "X" was 0.3. 

In this way, four grain boundaryless manganese- 
based oxide crystalline bodies were obtained with dif- 
ferent formulations corresponding to the respective val- 
ues of "x\ 

Reference Example i. 

With the four grain boundaryless crystalline bodies 
obtained in Example 1 , the temperature dependence of 
resistivity was examined in the vicinity of the respective 
non-metal/metal transition points to give the results 
shown in Fig. 1 . As is evident in Fig. 1 , a large drop was 
noted In resistivity just below the ferromagnetic transi- 
tion temperature Tc indicated by the downwardly direct- 
ed arrows. In the samples having a composition corre- 
sponding to the value of x In the range from 0.175 to 
0.30, in particular, the resistivity in the low temperature 
region was smaller by almost two orders of magnitude 
than the value at the Tc. The shoulder points indicated 
by the mark V on some of the curves in the figure can 
be attributed to a structural phase transition in the slight- 
ly distorted perovskite from the rhombohedral structure 
as the high-temperature phase to the orthorhombic 
structure as the low-temperature phase. 

The well defined Tc thus appearing as well as the 
well defined structural phase transition temperature Ts 
indicate that the crystalline body is fairly homogeneous, 
Figure 1 shows that the Tc is very close to the Ts in the 
crystalline body corresponding to x=0.175. 

Reference Example 2. 

With the crystalline body closest to the non-met- 
al/metal boundary corresponding to x-0.175, as ob- 
tained in Example 1 , the effect of the magnetic field on 
resistivity was examined to give the results shown by 
the graphs in Figs. 2 and 3 for the relationship between 
temperature and resistivity and for the relationship be- 
tween magnetic field and resistivity, respectively, in 
these Figures, anomalous very targe negative magne- 
toresistancc was found at around Tc. This magnetore- 
sistance was found to be nearly isotropic, Specifically, 
the absolute value of the magnetoresistance in the 
transverse direction was only a few % smaller than the 
value in the longitudinal direction. In particular, the mag- 
netoresistance defined by the formula fp (0)-p (B)]/p (0) 
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was as high as 0.9 at around To, i.e. 293 K, Such a prom- 
inent phenomenon of magnetoresislance is presumably 
due to the magnetic field-induced non-metal/metal tran- 
sition. By contrast, the effect of magnetoresislance at 
77 K for the fully spin-ordered state was very small as 
compared with that at around Tc as is clearly seen In 
Fig. a, 

Example 2. 

In the same way as in Example i , powders of lan- 
thanum oxide U 2 0 3 , strontium carbonate SrC03 and 
manganese oxide Mn 3 0 4 were mixed together to pre- 
pare a grain boundary less crystalline body having a 
composition corresponding to the value x of 0. 1 70 in the 
general formula (1). 

Phase changes in the crystalline structure induced 
by a magnetic field were examined with this crystalline 
body lo give the results shown in Fig. 4. As is evident 
from this figure, the crystalline body was subject to a 
phase transition between orthorhombic and rhombohe- 
drai at around 287.0 K under application of a magnetic 
field. 

The relationship between temperature and resistiv- 
ity was examined with this crystalline body in the ab- 
sence of a magnetic field or under a magnetic field of 
1.5T or 7T lo give the results shown by tho curves in 
Fig, 5, each of which indicates the phenomenon of hys- 
teresis (shown by the hatched areas) suggesting that 
the crystalline body could be used as a switching means 
by the resistivity changes with magnetic fields. 

The above prepared crystalline body was subjected 
to measurement of magnetostriction and resistivity at 
287.0 K as a function ot magnetic field swept between 
0 to 7T to give the results shown in Figs. 6a and 6&, 
respectively. Sweeping of the magnetic field was per- 
formed by increasing the field from zero field to 7T (ar- 
rows 1 and 2), decreasing the field from 7T back to Zero 
field (arrow 3), increasing the field again Up to 7T (arrow 

4) and finally decreasing the field down to zero (arrow 

5) , As is understood from these Figures, reversibility 
was not held between the first run and the second run 
of tho magnetic field sweeping. 
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perovskite structure having a chemical composition 
expressed by the general formula: 
La 10f Sr x Mn0 3 . 
in which the subscript x is a number in the range 
from 0.168 to 0.17$, which comprises the steps ot 

(a) mixing oxides of lanthanum, strontium and 
manganese or compounds of lanthanum, 
strontium and manganese capable of being 
convened into oxides by heating in such a pro- 
portion as to satisfy the general formula 
LB|_ x SfxMn0 3 , 

in which the subscript x ha6 the same meaning as 
defined above, to give a powder blend; (b) sintering 
the powder blend in air into a sintered body; and (c) 
subjecting the sintered body to crystal growth by the 
floating zone melting method. 

Use of a grain boundary less manganese-based 
oxide crystalline body of a perovskite structure as 
claimed in claim 1 , or when prepared by a method 
as claimed in claim 2, In a memory switching -type 
magnetoresislance element 



Claims 



A grain boundaryless manganese-based oxide 
crysialline body of a perovskite structure having a 
chemical composition expressed by the general for- 
mula: 

La,*sr x Mno a> 
in which the subscript X is a number in the range 
fromO.lSS to 0.178. 

A method for the preparation of a grain boundary- 
less manganese- based oxide crystalline body of a 
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